Background: The standardization of the HER2 score and recent changes in therapeutic modalities points to the need for a reevaluation of the role of HER2 in recently diagnosed breast carcinoma. Conclusions: The present prognostic significance of HER2 is correlated to receptor expression level and points to the need to consider HER2 2+ and HER2 3+ tumors as distinct diseases with different outcomes and specific features.
introduction
HER2 is a member of the HER family of transmembrane receptor tyrosine kinases and its overexpression or gene amplification in breast tumors has been associated with poor patient outcome [1, 2] . Most studies on the role of HER2 in outcome of primary breast carcinoma patients have been retrospective and suffer from the low frequency (20%) of this tumor subset. Moreover, those studies were usually conducted on the basis of the tumors classified as HER2 positive or negative instead of the four categories more recently used in the HercepTest to score the extent of HER2 expression. The high variation in frequency of HER2 positivity in previous studies, ranging from 10% [3] to 50% [4] , reflects the inclusion of only strongly positive tumors in some studies and the additional inclusion of lower level positive cases in others. Finally, most previous analyses of the prognostic value of HER2 expression were carried out on patients treated >15 years ago, when mastectomy and now-outdated adjuvant treatments predominated. Notwithstanding these limitations, the majority of the studies concur on the poor prognosis associated with HER2 positivity. While the prognostic value of HER2
original article *Correspondence to: Dr S. Mé nard, Fondazione IRCCS 'Istituto Nazionale dei Tumori', via G. Venezian, 1, 20133 Milan, Italy. Tel: +39-02-23902571; Fax: +39-02-23903073; E-mail: sylvie.menard@istitutotumori.mi.it amplification/overexpression in node-positive patients has been widely demonstrated, its value in node-negative cases remains controversial, with some studies arguing for a prognostic impact of HER2 positivity in node-negative patients, while others, including our study [1, 2, [5] [6] [7] [8] , do not. Consistent with the latter view, HER2 was not among 70 prognostic genes associated with poor and good molecular prognostic signatures in node-negative patients [9] . The prognostic impact of HER2 in node-negative patients assumes particular current relevance in light of adjuvant treatment with trastuzumab. The standardization of the HER2 score and recent changes in therapeutic modalities in both the surgical and pharmaceutical adjuvant arenas point to the need for a reevaluation of the role of HER2 in recently diagnosed breast carcinomas. Such analyses are possible even with a relatively short follow-up period since the prognostic impact of HER2 positivity is related to the first 3-4 years after surgery [8] .
We report the results of a national multicentric study designed to evaluate the biopathologic and prognostic predictive role of HER2 expression score in four categories according to immunohistochemical tests.
patients and methods
Cases consisted of consecutive HER2-positive primary breast carcinomas surgically treated in 2000-2001 classified as HER2 3+ (485 patients) or 2+ (433 patients by immunohistochemistry). As controls a case successive to HER2 3+ or 2+ was enrolled for a total of 280 patients scored 1+ and 596 scored 0. Case number from each of the 20 participating oncologic centers, including eight National Cancer Institutes, ranged from 52 to 459. Median follow-up was 54 months. To ensure rapid and homogeneous data gathering for patients enrolled in the study, a Web-based system was developed with structured forms for data entry using the Microsoft SQL server. Each participating center had Internet access via exclusive login and password to insert and update all data. The database was accessible to a single administrator who has supervised and monitored data accrual in each center since the beginning of the project.
At the end of the data entry period, access to the system was restricted for all participating centers and the data were analyzed with standard statistical software (STATA-8). A Web site dedicated to the 'Omero Study' is available at: www.progettomero.it, where newsletters compiled during the project are also available.
statistical analyses
Contingency tables were evaluated by the chi-squared test. Relapse-free survival rates were calculated by the Kaplan-Meier method, considering recurrences of all types (local, regional, controlateral, and distant) as events and date of surgery of the primary tumor as time zero. Survival curves were compared using the log-rank test. The Cox proportional hazards regression analysis mode was used to assess the association with prognosis at the multivariate level for each prognostic factor found significant at the univariate level. All statistical tests were two sided at the conventional 5% significance level. Analyses were carried out using STATA 8 software (Stata Corporation, College Station, TX).
results
HER2 status was determined using: HercepTest (12% of the cases), polyclonal anti-p185 antibody utilized in HercepTest (19% of the cases), Tab 200 (10% of the cases), or CB11 (20% of the cases); the reagent used was not reported in 39% of the cases. All participating centers were included in the Italian quality control trial for HER2 determination. An internal quality control was also provided by a parallel program of telepathology, in which 120 randomly selected cases of this series were scanned and scored for HER2 status by five pathologists of the network. Overall agreement was 73.15% (kappa 0.6404 6 0.055; Z = 11.54; P < 0.00001). This relative low concordance might be related to a staining decrease during the about 4-year period between the first and the reevaluation of HER2 status. Data concerning FISH in HER2+ cases were only available for 22 carcinomas which resulted amplified in six cases.
Analysis of HER2 status according to patient age, height, weight, blood group and smoking revealed no significant differences among the four HER2 subgroups (Supplementary Table S1 , available online). Table 1 lists the patients' pathologic and biologic parameters recorded in the database according to HER2 score. Several pathologic and biologic parameters differed significantly among the four HER2 categories, with the highest or lowest expression in patients with HER2 3+ tumors, including frequency of ductal histotype (P < 0.0001), vascular invasion (P = 0.002), grade (P < 0.0001), MIB1 positivity (P < 0.0001), and both estrogen and progesterone receptor expression (P < 0.0001). For p53 positivity in immunohistochemistry and presence of necrosis within tumor mass, HER2 3+ tumors differed from the other three categories but the differences were less significant (P = 0.05 and P = 0.019, respectively). An association between HER2 expression level and lymph node infiltration was also observed (P < 0.0001), despite the highest frequency of positive lymph nodes occurring in the HER2 1+ cases (63.7% versus 47.3%, 56.8% and 59.1% in HER2 0, 2+ and 3+ cases, respectively).
Clinical data included type of surgery, therapy, and follow-up. Mastectomy was carried out in 38% of the cases, axillary dissection in 89%, and sentinel node biopsy in 11%. For adjuvant therapy, 32% of patients received hormone therapy (HT) alone (25% in the mastectomy group and 35% in the quadrantectomy group), whereas the remaining patients received chemotherapy with or without HT depending on hormone receptor expression (14% received anthracyclines, taxanes, or both; 28% received cyclophosphamide, methotrexate and fluorouracil (CMF) and 26% received anthracycline and/or taxanes plus CMF; the frequency of these treatments in mastectomized and quadrantectomized patients was superimposable).
At 54 months, a total of 310 neoplastic events were observed, including 46 local relapses, 24 controlateral tumors, 28 regional relapses, and 174 distant relapses. Event details were not reported for 38 cases.
Analysis of relapse-free survival (RFS) according to the HER2 categories ( Figure 1A ) indicated worst prognosis for the 3+ cases (P = 0.0002). The 2+ cases showed an RFS similar to that of the 3+ group in the first 18 months, eventually reaching the RFS of the negative cases thereafter. RFS values for 0 and 1+ cases were superimposable. Analysis of RFS according to nodal status ( Figure 1B and C) indicated that both 3+ and 2+ tumors were associated with higher relapse rates, the former in both node-positive and node-negative subgroups and the latter only in the node-positive subgroup. Multivariate analysis, carried out inserting the category 'missing', identified HER2 3+ as an independent prognostic factor ( Table 2 ). The parameter dictating prognosis was tumor size in every considered category, with nodal status, vascular invasion, and MIB1 positivity also significantly associated with prognosis. Progesterone receptor expression represented a protective factor with a hazard ratio (HR) of 0.70. Unexpectedly, patient's height >160 cm was significantly associated with decreased HR. Missing category of T, N, and age, representing the mean of Figure S1 , available online), was found associated with prognosis. Similar analyses considering only the HER2 3+ subgroup (Table 3) identified tumor size and nodal status as parameters dictating prognosis, but, interestingly, worse prognosis for T2 tumors was not observed. Estrogen receptor expression was found to be an independent prognostic factor. When the HER2 2+ subgroup was analyzed concerning tumor size, only T4 was associated with worse prognosis (Table 3) . Analysis of relapse frequency according to surgical invasiveness ( Figure 2A ) revealed a higher relapse rate in patients who underwent invasive surgery (mastectomy with or without reconstruction) than in quadrantectomized patients as expected considering the more advanced stage of disease in the former. Among mastectomized patients, relapse frequency for HER2 2+ and 1+ cases was somewhat similar to that of the HER2 3+ cases, while among cases who underwent conservative surgery, relapse frequencies among HER2 2+, 1+, and 0 subgroups were essentially the same (Figure 2A) .
Relapse rates among the HER2 subgroups showed a different visual trend depending on type of therapy (HT, chemotherapy, or both) ( Figure 2B ). Note that the trend of relapse rate in HER2 3+ patients treated with HT only was comparable to that of the entire patient series ( Figure 2B ). When type of chemotherapy was considered ( Figure 2C ), regimens including taxanes reversed the visual trend of relapse rate, with fewer relapses in HER2 2+ and 3+ than in the HER2 1+ and 0 cases; treatment with anthracyclines alone decreased the relapse rate in the HER2 3+ subgroup. The relapse rate in the four subgroups treated with CMF alone appeared to be similar to that of the entire series ( Figure 2C levels. The significant association of HER2 3+ tumors with the majority of the pathobiologic parameters distinguishes this HER2 subgroup from the other three categories. The characteristics of HER2 3+ tumors found in this study largely resembled those previously described in tumors generally classified as HER2 positive [1, 2] and probably reflect the amplification of HER2 as a driven event that conditions other pathologic and biologic features, i.e. high vascular invasion and high proliferation rates. In our study, HER2 2+ tumors almost showed intermediate values of parameters between the negative and the 3+ subgroups, suggesting that oncoprotein expression level in HER2-positive carcinomas correlated with aggressiveness. This assumption is also supported by characteristics of HER2 1+ tumors which were in between those of HER2 0 and 2+ tumors. Follow-up of the patients clearly indicated worsened prognosis with increased HER2 expression, even if considerable improvement compared with results in other previous retrospective studies was observed [10] . The prognostic improvement observed in our study may reflect more appropriate therapies for these tumors. Thus, multivariate analysis in the present study indicated borderline prognostic significance of HER2.
Follow-up according to the four HER2 categories indicated that not only HER2 3+ cases but also patients with HER2 2+ tumors fared significantly worse than HER2-negative (0 and 1+) patients, especially in the first years from surgery. However, when 2+ were considered according to nodal status, this was no longer prognostic in node-negative patients. The contrasting data reported so far concerning the prognostic significance of HER2 in node-negative patients may well rest in the cut-off used for HER2 positivity, i.e. studies in which 2+ were included as positive were likely to find no prognostic value for HER2 positivity, whereas analyses in which positivity was restricted to 3+ cases were expected to find that HER2 was associated with poor prognosis, even in node-negative patients. Accordingly, HER2 was no longer prognostic in node-negative patients when we considered 2+ and 3+ tumors together.
The multivariate analysis of prognostic factors in the total series indicated that tumor size had the most significant impact on prognosis followed by nodal status, estrogen receptor expression, vascular invasion, and proliferation measured as MIB1 positivity. Note that when multivariate analysis was restricted to the HER2 3+ subgroup, T2 tumor size was not associated with relapses, suggesting that even patients with tumors <2 cm should receive adjuvant treatment.
The impact of type of surgery on relapse of HER2 2+ and 1+ tumors might rest in the stimulation of micrometastatic cells by growth factors released during the surgical maneuver [11] . Tumors expressing intermediate levels of HER2, most of which are likely to be without HER2 amplification, could be more responsive to exogenous growth factors since growth deregulation is still factor dependent. original article
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With respect to the impact of different therapy regimens, we found no difference in prognosis between HER2 3+ patients treated with HT and those who received no HT, arguing against a previously reported particular HT resistance of HER2-positive tumors expressing hormone receptor [12] . Patients treated with chemotherapy alone, most of whom were hormone receptor negative, displayed an improved prognosis according to HER2 expression level. Note that the majority of estrogen receptor-positive patients were treated with CMF plus HT, whereas the receptor-negative patients, considering the poor prognosis, received more aggressive chemotherapy including anthracyclines and/or taxanes. The inversion of relapse rate in patients treated with taxanes suggests the high sensitivity of 2+ and 3+ tumors to this treatment, as previously shown in different studies [13] [14] [15] . The better prognosis of HER2 3+ patients in the American herceptin trials [16] , all treated with taxanes, compared with the same type of patients included in the Hera European trial [17] , in which only 20% of the patients received taxanes, further supports the HER2 sensitivity to this drug. Similarly, although to a lesser extent, doxorubicin appears to be active on 3+ tumors since relapse rates were found to decrease in patients treated with this drug. Such high sensitivity to doxorubicin is not surprising since HER2 is frequently coamplified with topoisomerase II, a known target of anthracyclines [18, 19] . By contrast, the worsening prognosis associated with HER2 level was maintained in CMF-treated patients, indicating no differences in response according to HER2 status.
Data from this retrospective study, indicating the present prognostic significance of HER2 according to expression level of this receptor, point to the need to consider HER2 2+, with or without lymph node infiltration, and HER2 3+ tumors as distinct diseases with different outcomes and specific features that can guide the optimal choice of therapy. 
